Alzheimer's disease (AD), the most common cause of dementia in the elderly, is a chronic, slowly progressive neurodegenerative disorder with characteristic deterioration of intellectual capacity in various domains: learning and memory, language abilities, reading and writing, praxis, and interaction with the environment. 1, 2) Dysfunction of basal forebrain (BF) cholinergic neurons is a well-established feature of AD. There is loss of cholinergic neurons in the basal forebrain nuclei that innervate the cerebral cortex and hippocampus resulting in a decrease of choline acetyltransferase (ChAT) in these terminal fields. Furthermore, the extent of the dysfunction as reflected by the ChAT activity and other measures of cholinergic BF integrity significantly correlated is with the depth of dementia in AD. 3) Choline acetyltransferase (acetyl CoA: choline O-acetyl-transferase, EC 2.3.1.6, ChAT), the enzyme responsible for catalyzing the synthesis of neurotransmitter acetylcholine (Ach), which is transported to the nerve terminal probably by both slow and rapid axoplasmic flow, is presently the most specific indicator for monitoring the functional state of cholinergic neurons in the central and peripheral nervous system. 4, 5) To aim of the present study was to search for and isolate new compounds from 30 Korean edible plants which would be capable activators of ChAT. MC-IXC cells were cultured and maintained as previously described. The MC-IXC cells (human neuroblastoma cells) were obtained from American Type Culture Collection (ATCC; CRL number: 2270). They were cultured in a minimal essential medium (MEM) containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin at 37 C with 5% CO 2 . ChAT activity was measured in the MC-IXC cells by a modification of the Fonnum method.
6) The MC-IXC cells were homogenized in a GlassCol homogenizer (Tedrre-Haute, USA) with a 20 mM Tris-HCl buffer (0.5% Triton X-100, 10 mM MgCl 2 , and 150 mM NaCl, at pH 7.5), and then centrifuged at 12,000 rpm for 30 min. The obtained supernatant was used as an enzyme source. The protein concentration was measured by the Bradford method with bovine serum albumin (BSA) as the protein standard. In order to measure the ChAT activity, the crude enzyme and reagent (a 50 mM potassium phosphate buffer, 0.1 mM eserine, 8 mM choline chloride, 25 mM CoA [acetyl-1-14 C]) were mixed and incubated at 37 C for 1 h. Acetyl coenzyme A [acetyl-1-
14 C] was purchased from NEN (Boston, MA, USA). The reaction was terminated by adding sodium tetraphenylborate, and resulted in the formation of [
14 C] acetylcholine. An aliquot of this formed [ 14 C] acetylcholine was then counted, enabling the ChAT activity to be determine. The counting efficiency was determined with on LS 650 liquid scintillation counter (Beckman, USA). Each value is expressed as the mean AE SE, and a statistical analysis was performed by using one-way analysis of variance (ANOVA) SAS statistical package.
All plant species were purchased at a local market for y To whom correspondence should be addressed. Fax: +82-2-3290-3429; E-mail: dhshin@korea.ac.kr Abbreviations: AD, Alzheimer's disease; ChAT, choline acetyltransferase; NMR, nuclear magnetic resonance oriental medicines in Seoul, Korea. They were extracted with ethanol and their extracts screened in our search for the ChAT activator. Among these extracts, the ethanol extract from A. tuberosum Rottl. had the most profound activation effect on ChAT activity (Table 1) . A. tuberosum Rottl., rich in flavonols and organo-sulfur compounds, is distributed throughout mainland China and is used not only as a food, but also as medicine to treat infection, coronary thrombosis and atherosclerosis. [7] [8] [9] It is an anti-emetic herb that also used internally to treat urinary incontinence, kidney and bladder weakness, and as a carminative, stomachic, and to treat spermatorhoea.
10) It has also been shown to be very effective in inhibiting a wide range of microorganisms. 11) We therefore attempted to isolate and purify the active compound from the plant. A. tuberosum Rottl. was dried, and the powder (1.2 kg) was immersed in ethanol (6 liter/day) for 7 days while stirring. After filtration and evaporation, the evaporated ethanol extract of A. tuberosum Rottl. (600 g) was dissolved in distilled water (1 liter). This dissolved extract was then partitioned 3 times with hexane (1 liter), chloroform (1 liter) and ethyl acetate (1 liter), for 24 h. The activity of each of these fractions was measured at the concentration of 0.25 mg/ml with the following activation results: hexane fraction, 15%-25%; chloroform fraction, 0%-62%; ethyl acetate fraction, 18%-30%. The chloroform bifractions demonstrated high activation activity (approximately 60%-62%). These fractions were selected for further evaluation, and subjected to the first open silicagel column (Merck, Darmstadt, Germany). The column was eluted with chloroform-methanol mixtures in the ratio of 100:0-0:100, v/v. The fifth fraction (90:10) of the thirty-three tested fractions evidenced the most potent activation activity (59%). The obtained sample (2.3 g) was then subjected to the second open silica-gel column chromatography. The column was eluted with chloroform-methanol mixtures in the ratio of 100:0-0:100, v/v. The results of the assay showed the fifth fraction (96:4, v/v) of twenty-seven fractions to have the most potent activation activity (82%). The active fraction was purified in a m-Bondapack C 18 reverse phase (3:9 Â 300 mm) column and analyzed by a 2690 HPLC analysis system (Waters Co., Miliford, MA, USA). A significant single peak was observed at 31 min of 318 nm. To identify the structure of this compound the 1 H/ 13 C-NMR (Avance-600, Brucker, Germany) chemical shift, as well as electron impact mass spectrometry (EI-MS: Hewlett-Packard 5890-JMS AX505-WA, USA) were performed. The spectra data identified the active compound to be ferulic acid [4-hydroxy-3-methoxycinnamic acid]. The molecular size of this compound was 194 m=z, and the yield was 0.0008%. The ChAT activation effect of ferulic acid from A. tuberousm Rottl. was measured by a modification of the Fonnum method (Fig. 1A) . To assess the cytotoxicity of ferulic acid from A. tuberosum Rottl., the cell viability was measured with an MC-IXC cell. The cell viability was determined by the conventional MTT [3-(4,5-dimethylthiazol-2-ly)-2,5-diphenyl tetrazolium bromide] reduction assay. MC-IXC cells were plated at a density of 10 4 cells/well on 96-well plates, and pretreated with ferulic acid at a concentration of 0 mM to 4.0 mM. After incubating for 24 h, the cells were incubated for therewith 0.25 mg of MTT/ml for 2 h at 37 C, and the reaction was stopped by adding a solution containing 50% dimethylformamide (DMSO) and 20% sodium dodecyl sulfate (SDS, pH 4.8). The amount of the MTT formazan product was determined by measuring the absorbance with a micro-plate reader (Bio-Rad, Hercules, CA, USA) at a test wavelength of 570 mm and a reference wavelength of 630 mm (Fig. 1B) . According to the tests, an increasing concentration of ferulic acid from 0.05 mM to 2.0 mM increased the ChAT activation. However, the ChAT activity was depressed at concentration of 4.0 mM ferulic acid. The potent activation effect on ChAT was shown at concentration of 2.0 mM ferulic acid (89%). In addition, ferulic acid was treated at different concentrations of 0 mM to 4.0 mM for 24 h in order to measure the cell viability. The cell toxicity was found to be not significant compared with the control. For a comparison of the efficiency of ferulic acid from A. tuberosum Rottl., oleamide and daidzein, 12, 13) which have been reported as a ChAT activators, were assessed for their ChAT activity with ferulic acid in proportion to the concentration. As a consequence of this study, daidzein, oleamide and ferulic acid demonstrated additional effects on ChAT activity compared with the untreated control. At a low concentration (2.0 mM) of each compound, ferulic acid exhibited a higher activation effect (187.3%) on ChAT activity than the other compounds (DZ, 140%; OA, 145%). However, at high concentration (4.0 mM) of each compound, daidzein gave a higher effect (190.7%) on ChAT activity than the other compounds (OA, 152%; FA, 142%). Ferulic acid therefore revealed a higher activation effect on ChAT activity than those of other compounds at a low concentration (Fig. 2) .
Ferulic acid (4-hydroxy-3-methoxycinnamic acid) is present at a relatively high concentration in the cell wall of such plants as pineapple, sugar beet, spinach and Chinese water chestnut. [14] [15] [16] [17] Such Chinese herbal medicines, as Angelica sinensis contain a very high level of ferulic acid, although the health benefits of hydroxycinnamate are as yet unproven in western medicine. 18) Ferulic acid and isoferulic acid are active components of the rhizome of Cimicifuga species, which is used as an anti-inflammatory drug in Japanese oriental medicines and is one of the bioactive compounds that has presented antibacterial activity against Bacillus subtilis and Streptococcus pneumoniae. 19, 20) Ferulic acid is used as an anti-hepatotoxic and offers various benefits for the cardiovascular system, and as a constituent of synthetic lignins, may contribute to the defense against viral infections including AIDS. 21, 22) In addition, it has potent antioxidative activity 23) and a neuroprotective effect on amyloid-peptide-induced oxidative stress. 24, 25) However, this study may be the first report for ferulic acid exhibiting an activation effect on ChAT activity.
One of the consistent findings in the brain of an AD patient is the loss of cholinergic markers, including the levels of Ach and ChAT. The cholinergic approach for the treatment of AD involves counteracting this loss in cholinergic activity by pharmacological intervention to increase cholinergic transmission. 26) A number of reports have indicated that cholinergic neurons were involved in such neuropsychic functions, as learning, memory, arousal, sleep and movement, and that the specific loss of cholinergic neurons in the basal forebrain was observed in Alzheimer's disease. 5) One strategy for ameliorating the symptoms of AD is restitution of the near normal acetylcholine concentration in the synaptic cleft to improve cholinergic neurotransmission. ChAT activators increased the synthesis of Ach to boost the endogenous level of Ach in the brain and thereby to boost cholinergic neurotransmission, resulting in an improvement of the cognitive function in mild to moderate AD. 27) In conclusion, A. tuberosum Rottl. was selected as a ChAT activator through a screening process. Purification and characterization revealed ferulic acid as the ChATactivating compound. Although the content of ferulic acid in A. tuberosum Rottl. was much lower than that in other plant, 28) the compound increased the ChAT activity. We assume that the other compounds of A. tuberoum Rottl. might support the efficiency of ferulic acid to increase ChAT activation. We ascertained that a treatment of ferulic acid on cells increased the ChAT activity, and resulted in non-cytotoxicity in vitro. The overall results indicate that ferulic acid from A. tuberosum Rottl. might be used as a booster to elevate and/or prevent the reduction of ChAT activity. This research could be applied to evaluate the usefulness as a therapeutic agent for AD patients via an in vivo test. 
